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Description 

[0001 ] The present invention concerns injectable sus- 
pensions of air or gas microbubbles bound by a liquid 
to gas interface in a physiologically acceptable aqueous 
carrier phase wherein the air or gas microbubbles are 
not encapsulated within liposomic vesicles, useful for ul- 
trasonic echography of blood-stream and body cavities 
of living beings, the suspension comprising from about . 
01 to about 20% by weight of dissolved or dispersed sur- 
factants, characterized in that at least one of the sur- 
factants is a film forming phospholipid present in the 
suspension at least partially in lamellar or laminar form 
and the suspension does not contain an iron (111) salt. 
The invention also concerns methods for making the 
suspensions of the invention and the use of dry compo- 
sitions which, upon admixing with an aqueous carrier 
liquid, will generate the foregoing sterile suspension of 
microbubbles thereafter usable as contrast agent for ul- 
trasonic echography and other purposes. 
[0002] It is well known that microbodies like micro- 
spheres or microglobules of air or a gas, e.g. microbub- 
bles or microballoons, suspended in a liquid are excep- 
tionally efficient ultrasound reflectors for echography. In 
this disclosure the term of "microbubble" specifically 
designates air or gas globules in suspension in a liquid 
which generally results from the introduction therein of 
air or a gas in divided form, the liquid preferably also 
containing surfactants ortensides to control the surface 
properties thereof and the stability of the bubbles. More 
specifically, one may consider that the internal volume 
of the microbubbles is limited by the gas/liquid interface, 
or in other words, the microbubbles are only bounded 
by a rather evanescent envelope involving the mole- 
cules of the liquid and surfactant loosely bound at the 
gas to liquid junction boundary. 

[0003] In contrast, the term of "microcapsule" or "mi- 
croballoon" designates preferably air or gas bodies with 
a material boundary or envelope formed of molecules 
otherthan that of the liquid of suspension, e.g. a polymer 
membrane wall. Both microbubbles and microballoons 
are useful as ultrasonic contrast agents. For instance 
injecting into the blood-stream of living bodies suspen- 
sions of gas microbubbles or microballoons (in the 
range of 0.5 to 10 urn) in a carrier liquid will strongly 
reinforce ultrasonic echography imaging, thus aiding in 
the visualization of internal organs. Imaging of vessels 
and internal organs can strongly help in medical diag- 
nosis, for instance for the detection of cardiovascular 
and other diseases. 

[0004] The formation of suspensions of microbubbles 
in an injectable liquid carrier suitable for echography can 
follow various routes. For instance in DE-A- 3529195 
(Max-Planck Gesell.), there is disclosed a technique for 
generating 0.5-50 bubbles in which an aqueous 
emulsified mixture containing a water soluble polymer, 
an oil and mineral salts is forced back and forth, together 
with a small amount of air, from one syringe into another 



through a small opening. Here, mechanical forces are 
responsible for the formation of bubbles in the liquid. 
[0005] M.W. Keller etal. (J. Ultrasound Med. 5(1 986), 
439-8) have reported subjecting to ultrasonic cavitation 
5 under atmospheric pressure solutions containing high 
concentrations of solutes such as dextrose, Renografin- 
76, lopamidol (an X-ray contrast agent), and the like. 
There the air is driven into the solution by the energy of 
cavitation. 

w [0006] Other techniques rely on the shaking of a car- 
rier liquid in which air containing microparticles have 
been incorporated, said carrier liquid usually containing, 
as stabilizers, viscosity enhancing agents, e.g. water 
soluble polypeptides or carbohydrates and/or sur- 
fs factants. It is effectively admitted that the stability of the 
microbubbles against decay or escape to the atmos- 
phere is controlled by the viscosity and surface proper- 
ties of the carrier liquid. The air or gas in the micropar- 
ticles can consist of inter-particle or intra -crystalline en- 
trapped gas, as well as surface adsorbed gas, or gas 
produced by reactions with the carrier liquid, usually 
aqueous. All this is fully described for instance in EP-A- 
52.575 (Ultra Med. Inc.) in which there are used aggre- 
gates of 1 - 50 u.m particles of carbohydrates (e.g. ga- 
lactose, maltose, sorbitol, gluconic acid, sucrose, glu- 
cose and the like) in aqueous solutions of glycols or pol- 
yglycols, or other water soluble polymers. 
[0007] Also, in EP-A- 123.235 and 122.624 (Schering, 
see also EP-A- 320.433) use is made of air trapped in 
solids. For instance, 122.624 claims a liquid carrier con- 
trast composition for ultrasonic echography containing 
microparticles of a solid surfactant, the latter being op- 
tionally combined with microparticles of a non-sur- 
factant. As explained in this document, the formation of 
air bubbles in the solution results from the release of the 
air adsorbed on the surface of the particles, or trapped 
within the particle lattice, or caught between individual 
particles, this being so when the particles are agitated 
with the liquid carrier. 

[0008] EP-A- 131.540 (Schering) also discloses the 
preparation of microbubbles suspensions in which a sta- 
bilized injectable carrier liquid, e.g. a physiological 
aqueous solution of salt, or a solution of a sugar like 
maltose, dextrose, lactose or galactose, without viscos- 
ity enhancer, is mixed with microparticles (in the 0.1 to 
1 u.m range) of the same sugars containing entrapped 
air. In order that the suspension of bubbles can develop 
within the liquid carrier, the foregoing documents rec- 
ommend that both liquid and solid components be vio- 
lently agitated together under sterile conditions; the ag- 
itations of both components together is performed for a 
few seconds and, once made, the suspension must then 
be used immediately, i.e. it should be injected within 5 - 
10 minutes for echographic measurements; this indi- 
cates that the bubbles in the suspensions are not 
longlived and one practical problem with the use of mi- 
crobubbles suspensions for injection is lack of stability 
with time. The present invention fully remedies this 
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drawback. 

[0009J In US-A- 4,466,442 (Schering), there is dis- 
closed a series of different techniques for producing 
suspensions of gas microbubbles in a liquid carrier us- 
ing (a) a solution of a tenside (surfactant) in a carrier 
liquid (aqueous) and (b) a solution of a viscosity enhanc- 
er as stabilizer. For generating the bubbles, the tech- 
niques used there include forcing at high velocity a mix- 
ture of (a), (b) and air through a small aperture; or in- 
jecting (a) into (b) shortly before use together with a 
physiologically acceptable gas; or adding an acid to (a) 
and a carbonate to (b), both components being mixed 
together just before use and the acid reacting with the 
carbonate to generate C0 2 bubbles; or adding an over- 
pressurized gas to a mixture of (a) and (b) under stor- 
age, said gas being released into microbubbles at the 
time when the mixture is used for injection. 
[0010] The tensides used in component (a) of US-A- 
4,466,442 comprise lecithins; esters and ethers of fatty 
acids and fatty alcohols with polyoxyethylene and poly- 
oxyethylated polyols like sorbitol, glycols and glycerol, 
cholesterol; and polyoxyethylene-polyoxypropylene 
polymers. The viscosity raising and stabilizing com- 
pounds include for instance mono- and polysaccharides 
(glucose, lactose, sucrose, dextran, sorbitol); polyols, e. 
g. glycerol, polyglycols; and polypeptides like proteins, 
gelatin, oxypolygelatin, plasma protein and the like. 
[0011] In a typical preferred example of this docu- 
ment, equivalent volumes of (a) a 0.5% by weight aque- 
ous solution of Pluronic F-68 (a polyoxypropylene-poly- 
oxyethylene polymer) and (b) a 1 0% lactose solution are 
vigorously shaken together under sterile conditions 
(closed vials) to provide a suspension of micro-bubbles 
ready for use as an ultrasonic contrast agent and lasting 
for at least 2 minutes. About 50% of the bubbles had a 
size below 50 (xm. 

[0012] Although the achievements of the prior art 
have merit, they suffer from several drawbacks which 
strongly limittheir practical use by doctors and hospitals, 
namely their relatively short life-span (which makes test 
reproducibility difficult), relative low initial bubble con- 
centration (the number of bubbles rarely exceeds 10 4 - 
105 bubbles/ml and the count decreases rapidly with 
time) and poor reproducibility of the initial bubble count 
from test to test (which also makes comparisons diffi- 
cult). Also it is admitted that for efficiently imaging cer- 
tain organs, e.g. the left heart, bubbles smaller than 50 
u.m, preferably in the range of 0.5-10 urn, are required; 
with larger bubbles, there are risks of clots and consec- 
utive emboly. 

[001 3] Furthermore, the compu Isory presence of solid 
microparticles or high concentrations of electrolytes and 
other relatively inert solutes in the carrier liquid may be 
undesirable physiologically in some cases. Finally, the 
suspensions are totally unstable under storage and can- 
not be marketed as such; hence great skill is required 
to prepare the microbubbles at the right moment just be- 
fore use. 



[0014] Of course there exists stable suspensions of 
microcapsules, i.e. microballoons with a solid, air- 
sealed rigid polymeric membrane which perfectly resist 
for long storage periods in suspension, which have been 

5 developed to remedy this shortcoming (see for instance 
K.J. Widder, EP-A-324.938); however the properties of 
microcapsules in which a gas is entrapped inside solid 
membrane vesicles essentially differfrom that of the gas 
microbubbles of the present invention and belong to a 

io different kind of art; for instance while the gas microbub- 
bles discussed here will simply escape or dissolve in the 
blood-stream when the stabilizers in the carrier liquid 
are excreted or metabolized, the solid polymer material 
forming the walls of the aforementioned micro-balloons 

15 must eventually be disposed of by the organism being 
tested which may impose a serious afterburden upon it. 
Also capsules with solid, non-elastic membrane may 
break irreversibly under variations of pressure. 
[0015] The composition of the present invention, as 

20 defined in claim 1 , fully remedies the aforementioned 
pitfalls. 

[001 6] The term "lamellar form" defining the condition 
of at least a portion of the phospholipids of the present 
composition indicates that the phospholipids, in strong 

25 contrast with the microparticles of the prior art (for in- 
stance EP-A-0 123 235), are in the form of thin films 
involving one or more molecular layers (in laminate 
form). Converting film forming phospholipids into lamel- 
lar form can easily be done for instance by high pressure 

30 homogenization or by sonication under acoustical or ul- 
trasonic frequencies. In this connection, it should be 
pointed out that the existence of liposomes is a well 
known and useful illustration of cases in which sur- 
factants, more particularly phospholipids, are in lamellar 

35 form. 

[0017] Liposome solutions are aqueous suspensions 
of microscopic vesicles, generally spherically shaped, 
which hold substances encapsulated therein. These 
vesicles are usually formed of one or more concentri- 

40 cally arranged molecular layers (lamellae) of amphipatic 
compounds, i.e. compounds having a lipophobic hy- 
drophilic moiety and a lipophilic hydrophobic moiety. 
See for instance "Liposome Methodology", Ed. L.D. Le- 
serman et al, Inserm 136, 2-8 May 1982), Many sur- 

45 factants or tensides, including lipids, particularly phos- 
pholipids, can be laminarized to correspond to this kind 
of structure. In this invention, one preferably uses the 
lipids commonly used for making liposomes, for in- 
stance the lecithins and other tensides disclosed in 

so more detail hereafter, but this does in no way preclude 
the use of other surfactants provided they can be formed 
into layers or films. 

[001 8] It is important to note that no confusion should 
be made between the present invention and the disclo- 
55 sure of Ryan (US-A-4, 900,540) reporting the use of air 
or gas filled liposomes for echography. In this method 
Ryan encapsulates air or a gas within liposomic vesi- 
cles; in embodiments of the present invention microbub- 
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bles or air or a gas are formed in a suspension of lipo- 
somes (i.e. liquid filled liposomes) and the liposomes 
apparently stabilize the microbubbles. In Ryan, the air 
is inside the liposomes, which means that within the 
bounds of the presently used terminology, the air filled 5 
liposomes of Ryan belong to the class of microballoons 
and not to that of the microbubbles of the present inven- 
tion. 

[0019] Practically, to achieve the suspensions of mi- 
crobubbles according to the invention, one may start 
with liposomes suspensions or solutions prepared by 
any technique reported in the prior art, with the obvious 
difference that in the present case the liposomic vesicles 
are preferably "unloaded", i.e. they do not need to keep 
encapsulated therein any foreign material other than the 
liquid of suspension as is normally the object of classic 
liposomes. Hence, preferably, the liposomes of the 
present invention will contain an aqueous phase identi- 
cal or similar to the aqueous phase of the solution itself. 
Then air or a gas is introduced into the liposome solution 
so that a suspension of microbubbles will form, said sus- 
pension being stabilized by the presence of the phos- 
pholipids in lamellar form. Notwithstanding, the material 
making the liposome walls can be modified within the 
scope of the present invention, for instance by covalent- 
ly grafting thereon foreign molecules designed for spe- 
cific purposes as will be explained later. 
[0020] The preparation of liposome solutions has 
been abundently discussed in many publications, e.g. 
US-A- 4,224,1 79 and WO- A- 88/09 165 and all citations 
mentioned therein. This prior art is used here as refer- 
ence for exemplifying the various methods suitable for 
converting film forming tensides into lamellar form. An- 
other basic reference by M.C. Woodle and D. Papahad- 
jopoulos is found in "Methods in Enzymology" 171 
(1989), 193. 

[0021] For instance, in a method disclosed in D.A.Tyr- 
rell et al, Biochimica & Biophysica Acta 457 (1976), 
259-302, a mixture of a lipid and an aqueous liquid car- 
rier is subjected to violent agitation and thereafter son- 
icated at acoustic or ultrasonic frequencies at room or 
elevated temperature. In the present invention, it has 
been found that sonication without agitation is conven- 
ient. Also, an apparatus for making liposomes, a high 
pressure homogenizersuch as the Microfluidizer, which 
can be purchased from Microfluidics Corp., Newton, MA 
02164 USA, can be used advantageously. Large vol- 
umes of liposome solutions can be prepared with this 
apparatus under pressures which can reach 600-1200 
bar. 

[0022] In another method, according to the teaching 
of GB-A-2, 134,869 (Squibb), microp articles (10 \im or 
less) of a hydrosoluble carrier solid (NaCI, sucrose, lac- 
tose and other carbohydrates) are coated with an am- 
phipatic agent; the dissolution of the coated carrier in an 
aqueous phase will yield liposomic vesicles. In GB-A- 
2,135,647 insoluble particles, e.g. glass or resin mi- 
crobeads are coated by moistening in a solution of a lipid 
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in an organic solvent followed by removal of the solvent 
by evaporation. The lipid coated microbeads are there- 
after contacted with an aqueous carrier phase, whereby 
liposomic vesicles will form in that carrier phase. 
[0023] The introduction of air or gas into a liposome 
solution in order to form therein a suspension of micro- 
bubbles can be effected by usual means, inter alia by 
injection, that is, forcing said air or gas through tiny or- 
ifices into the liposome solution, or simply dissolving the 
gas in the solution by applying pressure and thereafter 
suddenly releasing the pressure. Another way is to ag- 
itate or sonicate the liposome solution in the presence 
of air or an entrappable gas. Also one can generate the 
formation of a gas within the solution of liposomes itself, 
for instance by a gas releasing chemical reaction, e.g. 
decomposing a dissolved carbonate or bicarbonate by 
acid. The same effect can be obtained by dissolving un- 
der pressure a low boiling liquid, for instance butane, in 
the aqueous phase and thereafter allowing said liquid 
to boil by suddenly releasing the pressure. 
[0024] Notwithstanding, an advantageous method is 
to contact the dry surfactant in lamellar or thin film form 
with air or an adsorbable or entrappable gas before in- 
troducing said surfactant into the liquid carrier phase. In 
this regard, the method can be derived from the tech- 
nique disclosed in GB-A-2, 135,647, i.e. solid micropar- 
ticles or beads are dipped in a solution of a film forming 
surfactant (or mixture of surfactants) in a volatile sol- 
vent, after which the solvent is evaporated and the 
beads are left in contact with air (or an adsorbable gas) 
for a time sufficient for that air to become superficially 
bound to the surfactant layer. Thereafter, the beads 
coated with air filled surfactant are put into a carrier liq- 
uid, usually water with or without additives, whereby air 
bubbles will develop within the liquid by gentle mixing, 
violent agitation being entirely unnecessary. Then the 
solid beads can be separated, for instance by filtration, 
from the microbubble suspension which is remarkably 
stable with time. 

[0025] Needless to say that, instead of insoluble 
beads or spheres, one may use as supporting particles 
water soluble materials like that disclosed in GB-A- 
2,134,869 (carbohydrates or hydrophilic polymers), 
whereby said supporting particles will eventually dis- 
solve and final separation of a solid becomes unneces- 
sary. Furthermore in this case, the material of the parti- 
cles can be selected to eventually act as stabilizer or 
viscosity enhancer wherever desired. 
[0026] In a variant of the method, one may also start 
with dehydrated liposomes, i.e. liposomes which have 
been prepared normally by means of conventional tech- 
niques in the form of aqueous solutions and thereafter 
dehydrated by usual means, e.g. such as disclosed in 
US-A- 4,229,360 also incorporated herein as reference. 
One of the methods for dehydrating liposomes recom- 
mended in this reference is freeze-drying (lyophiliza- 
tion), i.e. the liposome solution is frozen and dried by 
evaporation (sublimation) under reduced pressure. Pri- 



EP 0 474 833 B2 



15 



20 



25 



30 



35 



40 



45 



50 



4 



7 EP 0 474 833 B2 8 



or to effecting freeze-drying, a hydrophilic stabilizer 
compound is dissolved in the solution, for instance a car- 
bohydrate like lactose or sucrose or a hydrophilic poly- 
mer like dextran, starch, PVP, PVA and the like. This is 
useful in the present invention since such hydrophilic 
compounds also aid in homogenizing the microbubbles 
size distribution and enhance stability under storage. 
Actually making very dilute aqueous solutions (0.1 - 
10% by weight) of freeze-dried liposomes stabilized 
with, for instance, a 5:1 to 10:1 weight ratio of lactose 
to lipid enables to produce aqueous microbubbles sus- 
pensions counting 10 8 - 109 microbubbles/ml (size dis- 
tribution mainly 0.5 - 1 0 \im) which are stable for at least 
a month (and probably much longer) without significant 
observable change. And this is obtained by simple dis- 
solution of the air-stored dried liposomes without shak- 
ing or any violent agitation . Furthermore, the freeze-dry- 
ing technique under reduced pressure is very useful be- 
cause it permits, after drying, to restore the pressure 
above the dried liposomes with any entrappable gas, i. 
e. nitrogen, C0 2> argon, methane, freon, etc., whereby 
after dissolution of the liposomes processed under such 
conditions suspensions of microbubbles containing the 
above gases are obtained. 

[0027] Microbubbles suspensions formed by applying 
gas pressure on a dilute solution of laminated lipids in 
water (0.1 - 10% by weight) and thereafter suddenly re- 
leasing the pressure have an even higher bubble con- 
centration, e.g. in the order of 10 10 - 10 11 bubbles/ml. 
However, the average bubble size is somewhat above 
1 0 urn, e.g. in the 1 0 - 50 u.m range. In this case, bubble 
size distribution can be narrowed by centrifugation and 
layer decantation. 

[0028] The phospholipids which are convenient in this 
invention can be selected from all amphipatic com- 
pounds capable of forming stable films in the presence 
of water and gases. The preferred phospholipids which 
can be laminarized include the lecithins (phosphatidyl- 
choline) and other phospholipids, inter alia phosphatidic 
acid (PA), phosphatidylinositol phosphatidyleth- 
anolamine (PE), phosphatidylserine (PS), phosphati- 
dylglycerol (PG), cardiolipin (CL), sphingomyelins, the 
plasmogens, the cerebrosides, etc. Examples of suita- 
ble lipids are the phospholipids in general, for example, 
natural lecithins, such as egg lecithin or soya bean lec- 
ithin, or synthetic lecithins such as saturated synthetic 
lecithins, for example, dimyristoyl phosphatidyl choline, 
dipalmitoyl phosphatidyl choline or distearoyl phos- 
phatidyl choline or unsaturated syn-thetic lecithins, such 
as dioleyl phosphatidyl choline or dilinoleyl phosphatidyl 
choline, with egg lecithin or soya bean lecithin being pre- 
ferred. Additives like cholesterol and other substances 
(see below) can be added to one or more of the forego- 
ing lipids in proportions ranging from zero to 50% by 
weight. 

[0029] Such additives may include other surfactants 
that can be used in admixture with the film forming sur- 
factants and most of which are recited in the prior art 



discussed in the introduction of this specification. For 
instance, one may cite free fatty acids, esters of fatty 
acids with polyoxyalkylene compounds like polyoxypro- 
pylene glycol and polyoxyethylene glycol; ethers of fatty 
5 alcohols with polyoxyalkylene glycols; esters of fatty ac- 
ids with polyoxyalkylated sorbitan; soaps; glycerolpoly- 
alkylene stearate; glycerolpolyoxyethylene ricinoleate; 
homo- and copolymers of polyalkylene glycols; poly- 
ethoxylated soyaoil and castor oil as well as hydrogen- 
ated derivatives; ethers and esters of sucrose or other 
carbohydrates with fatty acids, fatty alcohols, these be- 
ing optionally polyoxyakylated;mono- f di- and triglycer- 
ides of saturated or unsaturated fatty acids; glycerides 
of soya-oil and sucrose. The amount of the non-film 
forming tens ides or surfactants can be up to 50% by 
weight of the total amount of surfactants in the compo- 
sition but is preferably between zero and 30%. 
[0030] The total amount of surfactants relative to the 
aqueous carrier liquid is best in the range of 0.01 to 25% 
by weight but quantities in the range 0.5 - 5% are ad- 
vantageous because one always tries to keep the 
amount of active substances in an injectable solution as 
low as possible, this being to minimize the introduction 
of foreign materials into living beings even when they 
are harmless and physiologically compatible. 
[0031] Further optional additives to the surfactants in- 
clude: 

a) substances which are known to provide a nega- 
tive charge on liposomes, for example, phosphatid- 
ic acid, phosphatidyl glycerol or dicetyl phosphate; 

b) substances known to provide a positive charge, 
for example, stearyl amine, or stearyl amine ace- 
tate; 

c) substances known to affect the physical proper- 
ties of the lipid films in a more desirable way; for 
example, capro-lactam and/or sterols such as cho- 
lesterol, ergosterol, phytosterol, sitosterol, sitoster- 
ol pyroglutamate, 7-dehydro-cholesterol or lanos- 
terol, may affect lipid films rigidity; 

d) substances known to have antioxidant properties 
to improve the chemical stability of the components 
in the suspensions, such as tocopherol, propyl gal- 
late, ascorbyl palmitate, or butylated hydroxy tolu- 
ene. 

[0032] The aqueous carrier in this invention is mostly 
water with possibly small quantities of physiologically 
compatible liquids such as isopropanol, glycerol, hexa- 
nol and the like (see for instance EP-A-52.575). In gen- 
eral the amount of the organic hydrosoluble liquids will 
not exceed 5 - 1 0% by weight. 

[0033] The present composition may also contain dis- 
solved or suspended therein hydrophilic compounds 
and polymers defined generally under the name of vis- 
cosity enhancers or stabilizers. Although the presence 
of such compounds is not compulsory for ensuring sta- 
bility to the air or gas bubbles with time in the present 
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dispersions, they are advantageous to give some kind 
of "body" to the solutions. When desired, the upper con- 
centrations of such additives when totally innocuous can 
be very high, for instance up to 80 - 90% by weight of 
solution with lopamidol and other iodinated X-ray con- 
trast agents. However with other viscosity enhancers 
like for instance sugars, e.g. lactose, sucrose, maltose, 
galactose, glucose, etc. or hydrophilic polymers like 
starch, dextran, polyvinyl alcohol, polyvinylpyrrolidone, 
dextrin, xanthan or partly hydrolyzed cellulose oligom- 
ers, as well as proteins and polypeptides, the concen- 
trations are best between about 1 and 40% by weight, 
a range of about 5 - 20% being preferred. 
[0034] Like in the prior art, the injectable compositions 
of this invention can also contain physiologically accept- 
able electrolytes; an example is an isotonic solution of 
salt. 

[0035] The present invention the use of also includes 
dry storable pulverulent blends for the present micro- 
bubble containing dispersions forming simple admixing 
the pulverulent formulation with water or an aqueous 
carrier phase. Preferably such dry blends or formula- 
tions will contain all solid ingredients necessary to pro- 
vide the desired microbubbles suspensions upon the 
simple addition of water, i.e. principally the surfactants 
in lamellar form containing trapped or adsorbed therein 
the air or gas required for microbubble formation, and 
accessorily the other non-film forming surfactants, the 
viscosity enhancers and stabilizers and possibly other 
optional additives. As said before, the air or gas entrapp- 
ment by the laminated phospholipids occurs by simply 
exposing said surfactants to the air (or gas) at room or 
superatmospheric pressure for a time sufficient to cause 
said air or gas to become entrapped within the sur- 
factant. This period of time can be very short, e.g. in the 
order of a few seconds to a few minutes although over- 
exposure, i.e. storage under air or under a gaseous at- 
mosphere is in no way harmful. What is important is that 
air can well contact as much as possible of the available 
surface of the laminated phospholipid, i.e. the dry ma- 
terial should preferably be in a "fluffy" light flowing con- 
dition. This is precisely this condition which results from 
the freeze-drying of an aqueous solution of liposomes 
and hydrophilic agent as disclosed in US-A- 4,229,360. 
[0036] In general, the weight ratio of surfactants to hy- 
drophilic viscosity enhancer in the dry formulations will 
be in the order of 0.1 :10 to 10:1 , the further optional in- 
gredients, if any, being present in a ratio not exceeding 
50% relative to the total of surfactants plus viscosity en- 
hancers. 

[0037] The dry blend formulations used in this inven- 
tion can be prepared by very simple methods. As seen 
before, one preferred method is to first prepare an aque- 
ous solution in which the film forming lipids are laminar- 
ized, for instance by sonication, or using any conven- 
tional technique commonly used in the liposome field, 
this solution also containing the other desired additives, 
i.e. viscosity enhancers, non-film forming surfactants, 



electrolyte, etc., and thereafter freeze drying to a free 
flowable powder which is then stored in the presence of 
air or an entrappable gas. 

[0038] The dry blend can be kept for any period of time 
5 in the dry state and sold as such. For putting it into use, 
i.e. for preparing a gas or air microbubble suspension 
for ultrasonic imaging, one simply dissolves a known 
weight of the dry pulverulent formulation in a sterile 
aqueous phase, e.g. water or a physiologically accept- 
able medium. The amount of powder will depend on the 
desired concentration of bubbles in the injectable prod- 
uct, a count of about 10 s - 1 0 9 bubbles/ml being gener- 
ally that from making a 5 - 20% by weight solution of the 
powder in water. But naturally this figure is only indica- 
tive, the amount of bubbles being essentially dependent 
on the amount of air or gas trapped during manufacture 
of the dry powder. The manufacturing steps being under 
control, the dissolution of the dry formulations will pro- 
vide microbubble suspensions with well reproducible 
counts. 

[0039] The resulting microbubble suspensions (bub- 
ble in the 0.5-10 u,m range) are extraordinarily stable 
with time, the count originally measured at start staying 
unchanged or only little changed for weeks and even 
months; the only observable change is a kind of segre- 
gation, the larger bubbles (around 1 0 pm) tending to rise 
faster than the small ones. 

[0040] It has also been found that the microbubbles 
suspensions of this invention can be diluted with very 
little loss in the number of microbubbles to be expected 
from dilution, i.e. even in the case of high dilution ratios, 
e.g. 1/1 0 2 to 1/1 0 4 , the microbubble count reduction ac- 
curately matches with the dilution ratio. This indicates 
that the stability of the bubbles depends on the phos- 
pholipid in lamellar form rather than on the presence of 
stabilizers or viscosity enhancers like in the prior art. 
This property is advantageous in regard to imaging test 
reproducibility as the bubbles are not affected by dilution 
with blood upon injection into a patient. 
[0041] Another advantage of the bubbles of this in- 
vention versus the microcapsules of the prior art sur- 
rounded by a rigid but breakable membrane which may 
irreversibly fracture under stress is that when the 
present suspensions are subject to sudden pressure 
changes, the present bubbles will momentarily contract 
elastically and then resume their original shape when 
the pressure is released. This is important in clinical 
practice when the microbubbles are pumped through 
the heart and therefore are exposed to alternating pres- 
sure pulses. 

[0042] The reasons why the microbubbles in this in- 
vention are so stable are not clearly understood. Since 
to prevent bubble escape the buoyancy forces should 
equilibrate with the retaining forces due to friction, i.e. 
to viscosity, it is theorized that the bubbles are probably 
surrounded by the laminated surfactant. Whether this 
laminar surfactant is in the form of a continuous or dis- 
continuous membrane, or even as closed spheres at- 
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tached to the microbubbles, is for the moment unknown 
but under investigation. However the lack of a detailed 
knowledge of the phenomena presently involved does 
not preclude full industrial operability of the present in- 
vention. 

[0043] The bubble suspensions of the present inven- 
tion are also useful in other medical/diagnostic applica- 
tions where it is desirable to target the stabilized micro- 
bubbles to specific sites in the body following their in- 
jection, for instance to thrombi present in blood vessels, 
to atherosclerotic lesions (plaques) in arteries, to tumor 
cells, as well as for the diagnosis of altered surfaces of 
body cavities, e.g. ulceration sites in the stomach or tu- 
mors of the bladder. For this, one can bind monoclonal 
antibodies tailored by genetic engineering, antibody 
fragments or polypeptides designed to mimic antibod- 
ies, bioadhesive polymers, lectins and other site-recog- 
nizing molecules to the surfactant layer stabilizing the 
microbubbles. Thus monoclonal antibodies can be 
bound to phospholipid bilayers by the method described 
by L.D. Leserman, P. Machy and J. Barbet ("Liposome 
Technology vol. Ill" p. 29 ed. by G. Gregoriadis, CRC 
Press 1984). In another approach a palmitoyl antibody 
is first synthesized and then incorporated in phospholi- 
pid bilayers following L. Huang, A. Huang and S.J. Ken- 
nel ("Liposome Technology vol. Ill" p. 51 ed. by G. Gre- 
goriadis, CRC Press 1984). Alternatively, some of the 
phospholipids used in the present invention can be care- 
fully selected in order to obtain preferential uptake in or- 
gans or tissues or increased half-life in blood. Thus GMI 
gangliosides- or phosphatidylinositol-containing lipo- 
somes, preferably in addition to cholesterol, will lead to 
increased half-lifes in blood after intravenous adminis- 
tration in analogy with A. Gabizon, D. Papahadjopoulos, 
Proc. Natl Acad. Sci USA 85 (1988) 6949. 
[0044] The gases in the microbubbles of the present 
invention can include, in addition to current innocuous 
physiologically acceptable gases like C0 2 , nitrogen, 
N 2 0, methane, butane, freon and mixtures thereof, ra- 
dioactive gases such as 133 Xe or 81 Kr are of particular 
interest in nuclear medicine for blood circulation meas- 
urements, for lung scintigraphy etc. 
[0045] The following Examples illustrate the invention 
on a practical stand point. 

Echogenic measurements 

[0046] Echogenicity measurements were performed 
in a pulse - echo system made of a plexiglas specimen 
holder (diameter 30 mm) and a transducer holder im- 
mersed in a constant temperature water bath, a pulser- 
receiver (Accutron M301 OS) with for the receiving part 
an external pre-amplifier with a fixed gain of 40 dB and 
an internal amplifier with adjustable gain from -40 to +40 
dB. A 1 0MHz lowpass filter was inserted in the receiving 
part to improve the signal to noise ratio. The A/D board 
in the IBM PC was a Sonotek STR 832. Measurements 
were carried out at 2.25, 3.5, 5 and 7.5 MHz. 



Example 1 

[0047] A liposome solution (50 mg lipids per ml) was 
prepared in distilled water by the REV method (see F. 
5 Szoka Jr. and D. Papahadjopoulos, Proc. Natl. Acad. 
Sci. USA 75 (1 978) 41 94) using hydrogenated soya lec- 
ithin (NC 95 H, Nattermann Chemie, Koln, W. Germany) 
and dicetylphosphate in a molar ratio 9/1 . This liposome 
preparation was extruded at 65°C (to calibrate the ves- 
10 icle size) through a 1 |xm polycarbonate filter (Nucle- 
opore). Two ml of this solution were admixed with 5 ml 
of a 75% iopamidol solution in water and 0.4 ml of air 
and the mixture was forced back and forth through a two 
syringe system as disclosed in DE-A-3529195, while 
is maintaining continuously a slight over-pressure. This re- 
sulted in the formation of a suspension of microbubbles 
of air in the liquid (10 5 -10 6 bubbles per ml, bubble size 
1-20 urn as estimated by light microscopy) which was 
stable for several hours at room temperature. This sus- 
20 pension gave a strong echo signal when tested by ul- 
trasonic echography at 7.5, 5, 3.5 and 2.25 MHz. 

Example 2 

25 [0048] A distilled water solution (100 ml) containing 
by weight 2% of hydrogenated soya lecithin and dicetyl- 
phosphate in a 9/1 molar ratio was sonicated for 1 5 min 
at 60-65°C with a Branson probe sonifier (Type 250). 
[0049] After cooling, the solution was centrifuged for 

30 15 min at 10,000 g and the supernatant was recovered 
and lactose added to make a 7.5% b.w. solution. The 
solution was placed in a tight container in which a pres- 
sure of 4 bar of nitrogen was established for a few min- 
utes while shaking the container. Afterwards, the pres- 

35 sure was released suddenly whereby a highly concen- 
trated bubble suspension was obtained (10 10 - 10 11 bub- 
bles/ml). The size distribution of the bubbles was how- 
ever wider than in Example 1 , i.e. from about 1 to 50 
fim. The suspension was very stable but after a few days 

40 a segregation occurred in the standing phase, the larger 
bubbles tending to concentrate in the upper layers of the 
suspension. 

Example 3 

45 

[0050] Twenty g of glass beads (diameter about 1 
mm) were immersed into a solution of 1 00 mg of dipalmi- 
toylphosphatidylcholine (Fluka A.G. Buchs) in 10 ml of 
chloroform. The beads were rotated under reduced 

so pressure in a rotating evaporator until all CHCI 3 had es- 
caped. Then the beads were further rotated under at- 
mospheric pressure for a few minutes and 1 0 ml of dis- 
tilled water were added. The beads were removed and 
a suspension of air microbubbles was obtained which 

55 was shown to contain about 1 0 6 bubbles/ml after exam- 
ination under the microscope. The average size of the 
bubbles was about 3 - 5 urn. The suspension was stable 
for several days at least. 
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Example 4 

[0051] A hydrogenated soya lecithin/dicety (phos- 
phate suspension in water was laminarized using the 
REV technique as described in Example 1 . Two ml of 
the liposome preparation were added to 8 ml of 15% 
maltose solution in distilled water. The resulting solution 
was frozen at -30 °C, then lyophilized under 0.1 Torr. 
Complete sublimation of the ice was obtained in a few 
hours. Thereafter, air pressure was restored in the evac- 
uated container so that the lyophilized powder became 
saturated with air in a few minutes. 
[0052] The dry powder was then dissolved in 1 0 ml of 
sterile water under gentle mixing, whereby a microbub- 
ble suspension (10 8 -10 9 microbubbles per ml, dynamic 
viscosity < 20 mPa.s) was obtained. This suspension 
containing mostly bubbles in the 1 -5 \im range was sta- 
ble for a very long period, as numerous bubbles could 
still be detected after 2 months standing. This microbub- 
ble suspension gave a strong response in ultrasonic 
echography. If in this example the solution is frozen by 
spraying in air at -30 to -70 °C to obtain a frozen snow 
instead of a monolithic block and the snow is then evap- 
orated under vacuum, excellent results are obtained. 

Example 5 

[0053] Two ml samples of the liposome solution ob- 
tained as described in Example 4 were mixed with 1 0 
ml of an 5% aqueous solution of gelatin (sample 5A), 
human albumin (sample 5B), dextran (sample 5C) and 
iopamidol (sample 5D). All samples were lyophilized. Af- 
ter lyophilization and introduction of air, the various sam- 
ples were gently mixed with 20 ml of sterile water. In all 
cases, the bubble concentration was above 1 0 8 bubbles 
per ml and almost all bubbles were below 10 urn. The 
procedure of the foregoing Example was repeated with 
9 ml of the liposome preparation (450 mg of lipids) and 
only one ml of a 5% human albumin solution. After 
lyophilization, exposure to air and addition of sterile wa- 
ter (20 ml), the resulting solution contained 2 x 1 0 8 bub- 
bles per ml, most of them below 10 jam. 

Example 6 

[0054] Lactose (500 mg), finely milled to a particle 
size of 1-3 ujti, was moistened with a chloroform (5 ml) 
solution of 100 mg of dimyristoylphosphatidylcholine/ 
cholesterol/dipalmitoylphosphatidic acid (from Fluka) in 
a molar ratio of 4:1:1 and thereafter evaporated under 
vacuum in a rotating evaporator. The resulting free flow- 
ing white powder was rotated a few minutes under ni- 
trogen at normal pressure and thereafter dissolved in 
20 ml of sterile water. A microbubble suspension was 
obtained with about 1 0 5 -1 0 6 microbubbles per ml in the 
1 -1 0 nm size range as ascertained by observation under 
the microscope. In this Example, the weight ratio of coat- 
ed surfactant to water-soluble carrier was 1 :5. Excellent 



results (10 7 -10 8 microbubbles/ml) are also obtained 
when reducing this ratio to lower values, i.e. down to 1 : 
20, which will actually increase the surfactant efficiency 
for the intake of air, that is, this will decrease the weight 
5 of surfactant necessary for producing the same bubble 
count. 

Example 7 

w [0055] An aqueous solution containing 2% of hydro- 
genated soya lecithin and 0.4% of Pluronic® F68 (a non 
ionic polyoxyethylene-polyoxypropylene copolymer 
surfactant) was sonicated as described in Example 2. 
After cooling and centrifugation, 5 mi of this solution 
15 were added to 5 ml of a 15% maltose solution in water. 
The resulting solution was frozen at -30°C and evapo- 
rated under 0.1 Torr. Then air pressure was restored in 
the vessel containing the dry powder. This was left to 
stand in air for a few seconds, after which it was used 
20 to make a 10% by weight aqueous solution which 
showed under the microscope to be a suspension of 
very tiny bubbles (below 1 0 ^im); the bubble concentra- 
tion was in the range of 10 7 bubbles per ml. This prep- 
aration gave a very strong response in ultrasonic ech- 
25 ography at 2.25, 3.5, 5 and 7.5 MHz. 

Example 8 

[0056] Two-dimensional echocardiography was per- 
30 formed in an experimental dog following peripheral vein 
injection of 0.1-2 ml of the preparation obtained in Ex- 
ample 4. Opacification of the left heart with clear outlin- 
ing of the endocardium was observed, thereby confirm- 
ing that the microbubbles (or at least a significant part 
35 of them) were able to cross the pulmonary capillary cir- 
culation. 

Example 9 

40 [0057] A phospholipid/maltose lyophilized powder 
was prepared as described in Example 4. However, at 
the end of the lyophilization step, a 133 Xe containing gas 
mixture was introduced in the evacuated container in- 
stead of air. A few minutes later, sterile water was intro- 

45 duced and after gentle mixing a microbubble suspen- 
sion containing 133 Xe in the gas phase was produced. 
This microbubble suspension was injected into living 
bodies to undertake investigations requiring use 
of 133 Xe as tracer. Excellent results were obtained. 

50 

Example 10 (comparative) 

[0058] In US-A-4,900,540, Ryan et al disclose gas 
filled liposomes for ultrasonic investigations. According 
55 to the citation, liposomes are formed by conventional 
means but with the addition of a gas or gas precursor in 
the aqueous composition forming the liposome core 
(col. 2, lines 15-27). 
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[0059] Using a gas precursor (bicarbonate) is detailed 
in Examples 1 and 2 of the reference. Using an aqueous 
carrier with an added gas for encapsulating the gas in 
the liposomes (not examplified by Ryan et at) will require 
that the gas be in the form of very small bubbles, i.e. of 
size similar or smaller than the size of the liposome ves- 
icles. 

[0060] Aqueous media in which air can be entrapped 
in the form of very small bubbles (2.5-5 urn) are dis- 
closed in M.W. Keller et al, J. Ultrasound Med. 5 (1 986), 
413-498. 

[0061] A quantity of 1 26 mg of egg lecithin and 27 mg 
of cholesterol were dissolved in 9 ml of chloroform in a 
200 ml round bottom flask. The solution of lipids was 
evaporated to dryness on a Rotavapor whereby a film 
of the lipids was formed on the walls of the flask. A 10 
ml of a 50% by weight aqueous dextrose solution was 
sonicated for 5 min according to M.W. Keller et al (ibid) 
to generate air microbubbles therein and the sonicated 
solution was added to the flask containing the film of 
lipid, whereby hand agitation of the vessel resulted into 
hydration of the phospholipids and formation of multila- 
mellar liposomes within the bubbles containing carrier 
liquid. 

[0062] After standing for a while, the resulting lipo- 
some suspension was subjected to centrifugation under 
5000 g for 15 min to remove from the carrier the air not 
entrapped in the vesicles. It was also expected that dur- 
ing centrifugation, the air filled liposomes would segre- 
gate to the surface by buoyancy. 
[0063] After centrifugation the tubes were examined 
and showed a bottom residue consisting of agglomer- 
ated dextrose filled liposomes and a clear supernatant 
liquid with substantially no bubble left. The quantity of 
air filled liposomes having risen by buoyancy was neg- 
ligibly small and could not be ascertained. 

Example 1 1 (comparative) 

[0064] An injectable contrast composition was pre- 
pared according to Ryan (US-A-4,900,540, col. 3, Ex- 
ample 1). Egg lecithin (126 mg) and cholesterol (27 mg) 
were dissolved in 9 ml of diethylether. To the solution 
were added 3 ml of 0.2 molar aqueous bicarbonate and 
the resulting two phase systems was sonicated until be- 
coming homogeneous. The mixture was evaporated in 
a Rotavapor apparatus and 3 ml of 0.2 molar aqueous 
bicarbonate were added. 

[0065] A 1 ml portion of the liposome suspension was 
injected into the jugular vein of an experimental rabbit, 
the animal being under condition for heart ultrasonic im- 
aging using an Acuson 128-XP5 ultrasonic imager (7.5 
transducer probe for imaging the heart). The probe pro- 
vided a cross-sectional image of the right and left ven- 
tricles (mid-papillary muscle). After injection, a light and 
transient (a few seconds) increase in the outline of the 
right ventricle was observed. The effect was however 
much inferior to the effect observed using the prepara- 



tion of Example 4. No improvement of the imaging of the 
left ventricle was noted which probably indicates that the 
C0 2 loaded liposomes did not pass the pulmonary cap- 
illaries barrier. 

5 

Claims 



10 Claims for the following Contracting States : AT, BE, 
CH, LI, DE, DK, FR, GB, IT, LV, NL, SE 

1 . An injectable suspension of air or gas microbubbles 
bound by a liquid to gas interface in a physiologyi- 

15 cally acceptable aqueous carrier phase wherein the 
air or gas microbubbles are not encapsulated within 
liposomic vesicles useful for ultrasonic echography 
of blood-stream and body cavities of living beings, 
the suspension comprising from about .01 to about 

20 20% by weight of dissolved or dispersed sur- 
factants, characterized in that at least one of the 
surfactants is a film forming phospholipid present in 
the suspension at least partially in lamellar or lam- 
inar form, and that the supension does not contain 

25 an iron (III) salt. 

2. The suspension of claim 1 , wherein the lamellar 
phospholipid is in the form of mono- or pluri-molec- 
ular membrane layers. 

30 

3. The suspension of claim 1 , wherein the size of most 
of the microbubbles is below 50 urn, preferably be- 
low 10 ujti. 

35 4. The suspension of any of the preceding claims , 
wherein the phospholipid is selected from phospha- 
tide acid, phosphatidylcholine, phosphatidyl-eth- 
anolamine, phosphatidyl-serine, phosphatidyl-glyc- 
erol, phosphatidyl-inositol, cardiolipin and sphyngo- 

40 myelin. 

5. The suspension of claim 1 , further containing sub- 
stances selected from dicetylphosphate, cholester- 
ol, ergosterol, phytosterol, sitosterol, lanosterol, to- 

45 copherol, propyl gallate, ascorbyl palmitate and 
butylated hydroxy-toluene. 

6. The suspension of any of the preceding claims, fur- 
ther containing dissolved viscosity enhancers or 

50 stabilizers selected from linear and cross-linked po- 
ly- and oligo-saccharides, sugars, hydrophilic poly- 
mers and iodinated compounds in a weight ratio to 
the surfactants comprised between about 1:5 to 
100:1. 

55 

7. The suspension of any of the preceding claims, fur- 
ther comprising up to 50% by weight of non-laminar 
surfactants selected from fatty acids, esters and 
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ethers of fatty acids and alcohols with polyols. 

8. The supension of claim 7, wherein the polyols are 
polyalkylene glycols, polyalkylenated sugars and 
other carbohydrates, and polyalkylenated glycerol. 

9. The supension of claim 1, containing 10 7 -10 8 mi- 
crobubbles/ml, 10 8 -10 9 microbubbles/ml or 10 10 - 
10 11 microbubbles/ml. 

10. A method for making suspensions of claim 1 to 9, 
characterized by the steps of: 



byfreeze-drying a liposome containing solution, the 
latter optionally containing hydrophilic stabilizers 
and contacting the resulting freeze-dried product 
with air or a gas for a period of time. 

5 

17. The use of a dry pulverulent formulation which, up- 
on dissolution in water, will form an aqueous sus- 
pension of microbubbles, characterized In con- 
taining at least one film forming phospholipid in la- 
10 mellar or laminar form and hydrosolubie stabilizers 
for the manufacture of ultrasound echographic con- 
trast agents. 



(a) selecting at least one film forming phosphol- 
ipid and converting it into lamellar form; 

(b) contacting the phospholipid in lamellar form 
with air or an adsorbable or entrappable gas for 
a time sufficient for that air or gas to become 
bound by said phospholipid, and 

(c) admixing the phospholipid in lamellar form 
with an aqueous liquid carrier, whereby produc- 
ing a stable dispersion of air or gas microbub- 
bles in said liquid carrier. 

1 1 . The method of claim 1 0, wherein step (c) is brought 
about before step (b), the latter being effected by 
introducing pressurized air or gas into the liquid car- 
rier and thereafter releasing the pressure. 

12. The method of claim 1 0, wherein step (c) is brought 
about by gentle mixing of the components, no shak- 
ing being necessary, whereby developing the air or 
gas bound to the lamellar surfactant in step (b) into 
a suspension of stable microbubbles. 

13. The method of claims 10 or 11, wherein the liquid 
carrier contains dissolved therein stabilizer com- 
pounds selected from hydrosolubie proteins, 
polypeptides, sugars, poly- and oligosaccharides 
and hydrophilic polymers. 

14. The method of claim 10, wherein the conversion of 
step (a) is effected by coating the surfactant onto 
particles of soluble or insoluble materials; step (b) 
is effected by letting the coated particles stand for 
a while under air or a gas; and step (c) is effected 
by admixing the coated particles with an aqueous 
liquid carrier. 

1 5. The method of claim 1 0, wherein the conversion of 
step (a) is effected by sonicating or homogenizing 
under high pressure an aqueous solution of film 
forming lipids, this operation leading, at least partly, 
to the formation of liposomes. 

16. The method of claim 15, in which step (b) is effected 



1 8. The use of claim 1 7, wherein the phospholipid is se- 
15 lected from phosphatidic acid, phosphatidyl- 
choline, phosphatidylethanolamine, phosphatidyl- 
serine, phosphatidyl-glycerol, phosphatidyl-inosi- 
tol, cardiolipin and sphyngomyelin. 

1 9. The use of claims 1 7 or 1 8, further containing sub- 
stances selected from dicetylphosphate, cholester- 
ol, ergosterol, phytosterol, sitosterol, lanosterol, to- 
copherol, propyl gallate, ascorbyl palmitate and 
butylated hydroxy-toluene. 

20. The use of claim 17, wherein the phospholipids in 
laminar form are in the form of fine layers deposited 
on the surface of soluble or insoluble solid particu- 
late material. 

21. The use of claim 20, wherein the soluble particles 
are made of hydrosolubie carbohydrates, polysac- 
charides, synthetic polymers, albumin, gelatin orio- 
pamidol. 

22. The use of any of claims 1 7 to 21 , wherein the for- 
mulation further comprises up to 50% by weight of 
non-laminar surfactants selected from fatty acids, 
esters and ethers of fatty acids and alcohols with 
polyols. 

23. The use of claim 17, wherein the formulation com- 
prises freeze-dried liposomes. 

Claims for the following Contracting States : ES, GR 

1 . A method for the preparation of stable suspensions 
of air or gas microbubbles in an aqueous carrier 
phase wherein the air or gas microbubbles are not 
encapsulated within liposomic vesicles comprising 
from about 0.01 to about 20% by weight of one or 
more dissolved or dispersed surfactants, and in 
which at least one of the surfactants is a film forming 
phospholipid present in the suspension at least par- 
tially in lamellar or laminar form which suspension 
does not contain an iron (III) salt characterized by 
the following steps: 
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(a) selecting at least one film forming phosphol- 
ipid and converting it into lamellar form; 

(b) contacting the lamellarized phospholipid 
with air or an adsorbable or entrappable gas for 
a time sufficient for that air or gas to become 
bound by said phospholipid; and 

(c) admixing the phospholipid in lamellar form 
with an aqueous liquid carrier, whereby obtain- 
ing a stable dispersion of air or gas microbub- 
bles in said liquid carrier. 

2. The method of claim 1 , in which step (c) is brought 
about before step (b), the latter being effected by 
introducing pressurized air or gas into the liquid car- 
rier and thereafter releasing the pressure. 

3. The method of claim 1 , in which step (c) is brought 
about by gentle mixing of the components, no shak- 
ing being necessary, whereby the air or gas bound 
to the lamellar surfactant in step (b) will develop into 
a suspension of stable microbubbles. 

4. The method of claims 1 or 2, in which the liquid car- 
rier contains dissolved therein stabilizer com- 
pounds selected from hydrosoluble proteins, 
polypeptides, sugars, poly- and oligosaccharides 
and hydrophilic polymers. 

5. The method of claim 1 , in which the conversion of 
step (a) is effected by coating the phospholipid onto 
particles of soluble or insoluble materials; step (b) 
is effected by letting the coated particles stand for 
a while under air or a gas; and step (c) is effected 
by admixing the coated particles with an aqueous 
liquid carrier. 

6. The method of claim 1 , in which the conversion of 
step (a) is effected by sonicating or homogenizing 
under high pressure an aqueous solution of film 
forming lipids, this operation leading, at least partly, 
to the formation of liposomes. 

7. The method of claim 6, in which step (b) is effected 
by freeze-drying a liposome containing solution, the 
latter optionally containing hydrophilic stabilizers 
and contacting the resulting freeze-dried product 
with air or a gas for a period of time. 

8. The method of claims 6 and 7, in which the water 
solution of film forming lipids also contains viscosity 
enhancers or stabilizers selected from hydrophilic 
polymers and carbohydrates in weight ratio relative 
to the lipids comprised between 1 :5 and 100:1 . 

9. A method for the preparation of stable suspensions 
of air or gas microbubbles in an aqueous carrier 
phase comprising from about 0.01 to about 20% by 
weight of one or more dissolved or dispersed sur- 



factants in which there is dissolved a dry pulverulent 
formulation which, upon dissolution in water, will 
form a stable aqueous suspension of microbubbles, 
characterized in that said dry pulverulent formula- 
5 tion contains one or more film forming phospholip- 
ids in lamellar form and hydrosoluble stabilizers. 

10. The method of claim 9, in which the phospholipids 
in lamellar form are in the shape of fine layers de- 

w posited on the surface of soluble or insoluble solid 
particulate material. 

1 1 . The method of claim 1 0, in which the insoluble solid 
particles are glass or polymer beads. 

15 

1 2. The method of claim 1 0, in which the soluble parti- 
cles are made of hydrosoluble carbohydrates, 
polysaccharides, synthetic polymers, albumin, gel- 
atin or lopamidol. 

13. The method of claim 9, in which the dry formulation 
comprises freeze-dried liposomes. 



Patentanspruche fur folgende Vert rags staaten : AT, 
BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, SE 

30 

1. Injizierbare Suspension von Luft- Oder Gas-Mikro- 
blaschen, die durch eine Flussigkeits-Gas-Grenz- 
schicht begrenzt werden, in einer physiologisch 
vertraglichen, waBrigen Tragerphase, wobei die 

35 Luft- oder Gas-Mikroblaschen nicht in Liposomen- 
vesikel verkapselt sind, geeignet zur Ultraschall- 
Echographie des Blutstroms oder von Korperhohl- 
raumen von Lebewesen, wobei die Suspension von 
etwa 0,01 bis etwa 20 Gew.-% geldste oder disper- 
se gierte oberflacheaktive Stoffe enthalt, dadurch ge- 
kennzeichnet, daB mindestens einer der oberfla- 
chenaktiven Stoffe ein filmbildendes Phospholipid 
ist, das in der Suspension zumindest teilweise in la- 
mellarer oder laminarer Form vorliegt, und daB die 
45 Suspension kein Eisen(lll)salz enthalt. 

2. Suspension gemaB Anspruch 1 , in der das lamel- 
lare Phospholipid in Form von mono- oder pluri-mo- 
lekularen Membranschichten vorliegt. 

50 

3. Suspension gemaB Anspruch 1 , in der die GroBe 
der meisten Mikroblaschen weniger als 50 urn, vor- 
zugsweise weniger als 10 u.m, betragt. 

55 4. Suspension gemaB einem der vorstehenden An- 
spruche, in der das Phospholipid aus Phosphatid- 
saure, Phosphatidylcholin, Phosphatidylethanola- 
min, Phosphatidylserin, Phosphatidylglycerin, 
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21 

Phosphatidylinositol, Cardiolipin und Sphingomye- 
lin ausgewahlt ist. 

5. Suspension gemaB Anspruch 1 , die zusatzlich Sub- 
stanzen enthalt, die aus Dicetylphosphat, Choleste- 5 
rin, Ergosterin, Phytosterin, Sitosterin, Lanosterin, 
Tocopherol, Propylgallat, Ascorbylpalmitat, undbu- 
tyllertem Hydroxytoluol ausgewahlt sind. 

6. Suspension gemaB einem der vorherstehenden io 
Anspruche, die zusatzlich geloste Viskositatsver- 
starker Oder Stabilisatoren enthalt, die aus linearen 
Oder vernetzten Poly- Oder Oligosacchariden, Zuk- 
kern, hydrophilen Polymeren und jodierten Sub- 
stanzen ausgewahlt sind, in einem Gewichtsver- 1$ 
haltnis zu den oberflachenaktiven Stoffen etwa zwi- 
schen 1 :5 bis 100:1 . 

7. Suspension gemaB einem der vorstehenden An- 
spruche, die zusatzlich bis zu 50 Gew.-% nicht-la- 20 
minare oberflacheaktive Stoffe enthalt, die aus Fett- 
sauren, Estern und Ethern von Fettsauren und Al- 
koholen mit Polyolen ausgewahlt sind. 

8. Suspension nach Anspruch 7, in der die Polyole Po- 25 
lyalkylenglykole, polyalkylenierte Zucker und ande- 

re Kohlen hydrate, und polyalkyleniertes Glycerin 
sind. 

9. Suspension gemaB Anspruch 1, die 10 7 - 10 8 Mi- 30 
kroblaschen/ml, 10 8 - 10 9 Mikroblaschen/ml oder 
10 10 - 10 11 Mikroblaschen/ml enthalt. 

10. Verfahren zur Herstellung von Suspensionen ge- 
maB den Anspruchen 1 bis 9, gekennzeichnet 35 
durch die folgenden Schritte: 

(a) Auswahl von mindestens einem filmbilden- 
den Phospholipid und Umwandlung desselben 

in lamellare Form; 40 

(b) Kontaktieren des Phospholipides in lamel- 
larer Form mit Luft oder einem adsorbierbaren 
oder einschlieBbaren Gas fur eine Zeit, die aus- 
reichend ist, damit die Luft oder das Gas von 45 
dem Phospholipid gebunden werden; und 

(c) Mischen des Phospholipids in lamellarer 
Form mit einem waBrigen, flussigen Trager, 
wodurch eine stabile Dispersion von Luft- oder so 
Gas-Mikroblaschen in dem flussigen Trager 
gebildet wird. 

1 1 . Verfahren nach Anspruch 1 0, bei dem Schritt (c) vor 
Schritt(b) durchgef unit wird und letztererdurch Ein- 55 
leiten von unter Druckstehender Luft oder von unter 
Druck stehendem Gas in den flussigen Trager und 
anschlieBendes Ablassen des Drucks erfolgt. 



12. Verfahren nach Anspruch 10, bei dem Schritt (c) 
durch vorsichtiges Vermischen der Bestandteile 
durchgefuhrt, wird, Schutteln ist nicht notwendig, 
wodurch die in Schritt (b) an den lamellaren, ober- 
flachenaktiven Stoff gebundene Luft oder das Gas 
eine Suspension von stabilen Mikroblaschen bildet. 

13. Verfahren nach den Anspruchen 10 oder 11, bei 
dem der flussige Trager geloste, stabilisierende Be- 
standteile enthalt, die aus wasserloslichen Protei- 
nen, Polypeptiden, Zuckern, Poly- und Oligosac- 
chariden und hydrophilen Polymeren ausgewahlt 
sind. 

1 4. Verfahren nach Anspruch 1 0, bei dem die Umwand- 
lung in Schritt (a) dadurch bewirkt wird, daB Partikel 
aus ioslichen oder unloslichen Materialien mit dem 
oberflachenaktiven Stoff beschichtet werden; 
Schritt (b) dadurch bewirkt wird, daB die beschich- 
teten Partikel fur eine gewisse Zeit unter Luft oder 
Gas belassen werden; und Schritt (c) dadurch be- 
wirkt wird, daB die beschichteten Partikel mit einem 
waBrigen, flussigen Trager gemischt werden. 

1 5. Verfahren nach Anspruch 1 0, bei dem die Umwand- 
lung in Schritt (a) dadurch bewirkt wird, daB eine 
waBrige Losung von filmbildenden Lipiden be- 
schallt oder unter hohem Druck homogenisiertwird, 
wobei dieses Vorgehen zumindest teilweise die Bil- 
dung von Liposomen bewirkt. 

16. Verfahren nach Anspruch 15, bei dem Schritt (b) 
durch Gefriertrocknen einer Liposomen enthalten- 
den Losungen bewirkt wird, wobei letztere gegebe- 
nenfalls hydrophile Stabilisatoren enthalt, und das 
resultierende gefriergetrocknete Produkt fur eine 
gewisse Zeitdauer mit Luft oder einem Gas kontak- 
tiert wird. 

17. Verwendung einer trockenen pulverformigen For- 
mulierung, welche beim Auflosen in Wasser eine 
waBrige Suspension von Mikroblaschen bildet, da- 
durch gekennzeichnet, daB sie mindestens ein 
filmbildendes Phospholipid in lamellarer oder lami- 
narer Form und wasserlosliche Stabilisatoren ent- 
halt, zur Herstellung von Kontrastmitteln fur die Ul- 
traschallechographie. 

18. Verwendung nach Anspruch 17, bei der das Phos- 
pholipid aus Phosphatidsaure, Phosphatidylcholin, 
Phosphatidylethanolamin, Phosphatidylserin, 
Phosphatidylglycerin, Phosphatidylinositol, Cardio- 
lipin und Sphingomyelin ausgewahlt ist. 

1 9. Verwendung nach den Anspruchen 1 7 oder 1 8, wei- 
ter enthaltend Substanzen, ausgewahlt aus Dicety- 
Iphosphat, Cholesterin, Ergosterin, Phytosterin, Si- 
tosterin, Lanosterin, Tocopherol, Propylgallat, 
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Ascorbylpalmitat und butyliertem Hydroxytoluol. 

20. Verwendung nach Anspruch 17, bei der die Phos- 
pholipide in laminarer Form in Form feiner Schich- 
ten vorliegen, die auf der Oberflache von loslichem 
oder unloslichem, festem, partikularem Material ab- 
geschieden sind. 

21. Verwendung nach Anspruch 20, bei der die losli- 
chen Partikel aus wasserloslichen Kohlenhydraten, 
Polysacchariden, synthetischen Polymeren, Albu- 
min, Gelatine Oder lopamidol hergestellt sind. 

22. Verwendung nach einem der Anspruche 1 7 bis 21 , 
bei der die Formulierung zusatzlich bis zu 50 Gew.- 
% nichMaminare oberflachenaktive Stoffe enthalt, 
die aus Fettsauren, Estern und Ethern von Fettsau- 
ren und Alkoholen mit Polyolen ausgewahlt ist. 

23. Verwendung nach Anspruch 1 7, bei der die Formu- 
lierung gefriergetrocknete Liposomen enthalt. 



Patentanspriichefur folgende Vertragsstaaten : ES, 
GR 

1 . Verfahren zur Herstellung einer stabilen Suspensi- 
on von Luft- oder Gas-Mikroblaschen in einer 
waBrigen Tragerphase, wobei die Luft- oder Gas- 
Mikroblaschen nicht in Liposomenvesikel verkap- 
selt sind, die von etwa 0,01 bis etwa 20 Gew.-% ei- 
nen oder mehrere geloste oder dispergierte ober- 
flachenaktive Stoffe enthalt, und in der mindestens 
einer der oberflachenaktiven Stoffe ein filmbilden- 
des Phospholipid ist, das in der Suspension zumin- 
dest teilweise in lamellarer oder laminarer Form 
vorliegt, wobei die Suspension kein Eisen(lll)salz 
enthalt, daB durch die folgenden Schritte gekenn- 
zeichnet ist: 

(a) Auswahl von mindestens einem filmbilden- 
den Phospholipid und Umwandlung desselben 
in lamellare Form; 

(b) Kontaktieren des lamellarisierten Phospho- 
lipides mit Luft oder einem adsorbierbaren oder 
einschlieBbaren Gas fur eine Zeit, die ausrei- 
chend ist, damit die Luft oder das Gas von dem 
Phospholipid gebunden wird; und 

(c) Mischen des Phospholipids in lamellarer 
Form mit einem waBrigen, flussigen Trager, 
wodurch eine stabile Dispersion von Luft- oder 
Gasmikroblaschen in diesem flussigen Trager 
entsteht. 

2. Verfahren nach Anspruch 1 , bei dem Schritt (c) vor 
Schritt (b) durchgefuhrt wird und letzterer durch das 
Einleiten von unter Druck stehender Luft oder unter 
Druck stehendem Gas in den flussigen Trager und 



anschlieBendes Ablassen des Drucks erfolgt. 

3. Verfahren nach Anspruch 1, bei dem Schritt (c) 
durch vorsichtiges Vermischen der Bestandteile 
5 durchgefuhrt wird, Schiitteln ist nicht notwendig, 
wodurch die in Schritt (b) an den lamellaren, ober- 
flachenaktiven Stoff gebundene Luft oder das Gas 
eine Suspension von stabilen Mikroblaschen bildet. 

10 4. Verfahren nach Anspruch 1 oder 2, bei dem derflus- 
sige Trager geloste, stabilisierende Bestandteile 
enthalt, die aus wasserloslichen Proteinen, Poly- 
peptide^ Zuckern, Polyund Oligosacchariden und 
hydrophilen Polymeren ausgewahlt sind. 

15 

5. Verfahren nach Anspruch 1 , bei dem die Umwand- 
lung in Schritt (a) dadurch bewirkt wird, daB Partikel 
aus loslichen oder unloslichen Materialien mit dem 
Phospholipid beschichtet werden; Schritt (b) da- 

20 durch bewirkt wird, daB die beschichteten Partikel 
fur eine gewisse Zeit unter Luft oder Gas belassen 
werden; und Schritt (c) dadurch bewirkt wird, daG 
die beschichteten Partikel mit einem waBrigen, flus- 
sigen Trager gemischt werden. 

25 

6. Verfahren nach Anspruch 1 , in dem die Umwand- 
lung in Schritt (a) dadurch bewirkt wird, daB eine 
waBrige Losung von filmbildenden Lipiden be- 
schallt oder unter hohem Druck homogenisiert wird, 

30 wobei dieses Vorgehen mindestens teilweise zur 
Bildung von Liposomen fuhrt. 

7. Verfahren gemaB Anspruch 6, bei dem Schritt (b) 
dadurch bewirkt wird, daB eine liposomhaltige L6- 

35 sung gefriergetrocknet wird, die wahlweise hydro- 
phile Stabilisatoren enthalten kann, und das resul- 
tierende gefriergetrocknete Produktfur eine gewis- 
se Zeitdauer mit Luft oder einem Gas kontaktiert 
wird. 

40 

8. Verfahren gemaB der Anspruche 6 und 7, bei dem 
die waBrige Lbsung der filmbildenden Lipide auch 
Viskositatsverstarker oder Stabilisatoren enthalt, 
die aus hydrophilen Polymeren und Kohlenhydra- 

45 ten ausgewahlt sind, in einem Gewichtsverhaltnis 
relativ zu den Lipiden zwischen 1 : 5 und 1 00 : 1 . 

9. Verfahren zur Herstellung von stabilen Suspensio- 
nen von Luft- oder Gasmikroblaschen in einer 

50 waBrigen Tragerphase, die etwa 0,01 bis etwa 20 
Gew.-% eines oder mehrerer geloster oder disper- 
gierter, oberflachenaktiver Stoffe enthalt, bei dem 
eine trokkene, puiverformige Formulierung gelost 
wird, welche, nach Auflosen in Wasser, eine stabile 

55 waBrige Suspension von Mikroblaschen bildet, da- 
durch gekennzeichnet, daB die trockene puiver- 
formige Formulierung ein oder mehrere filmbilden- 
de Phospholipide in lamellarer Form und wasser- 
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losliche Stabilisatoren enthalt. 

10. Verfahren nach Anspruch 9, bei dem die Phospho- 
lipide in lamellarer Form in Form von feinen Schich- 
ten auf der Oberflache von loslichem oder unldsli- 
chem, festem, partikularem Material abgeschieden 
sind. 

11. Verfahren nach Anspruch 10, bei dem die unlosli- 
chen festen Partikei Glas oder Polymerkugeln sind. 

12. Verfahren nach Anspruch 1 0, bei dem die loslichen 
Partikei aus wasserloslichen Kohlenhydraten, Po- 
lysaccharide n, synthetischen Polymeren, Albumin, 
Gelatine oder lopamidol hergestellt sind. 

13. Verfahren nach Anspruch 9, bei dem die trockene 
Formulierung gefriergetrocknete Liposomen ent- 
halt. 



Revendications 



Revendications pour les Etats contractants 
suivants : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, 
SE 

1. Suspension injectable de microbulles d'air ou de 
gaz limitees par un interface gaz/liquide dispersees 
dans une phase porteuse liquide physiologique- 
ment acceptable, ou les microbulles d'air ou de gaz 
ne sont pas encapsulees au sein de vesicules lipo- 
somiques, utilisable pour I'echographie ultrasoni- 
que de la circulation sanguine et des cavites corpo- 
relles des etres vivants, cette suspension compre- 
nant d'environ 0,01 a environ 20% en poids de sur- 
factants dissous ou disperses, caracterisee en ce 
qu'au moins un des surfactants est un phospholipi- 
de filmogene present dans la suspension au moins 
partiellement sous forme lamellaire ou laminaire, et 
en ce que la suspension ne contient pas de sel de 
fer (III). 

2. Suspension suivant la revendication 1 , dans laquel- 
le te phospholipide lamellaire est sous forme de 
membrane a couche mono- ou piuri-moleculaire. 

3. Suspension suivant la revendication 1 , dans laquel- 
le lataille de la plupart des microbulles est inferieure 
a 50 urn, de preference inferieurs a 10 u,m. 

4. Suspension suivant une quelconque des revendi- 
cations precedentes, dans laquelle le phospholipi- 
de estchoisi parmi I'acide phosphatidique, la phos- 
phatidylcholine, la phosphatidylethanolamine, la 
phosphatidylserine, le phosphatidylglycerol, le 
phosphatidylinositol, la cardiolipine et la sphingo- 



myeline. 

5. Suspension suivant la revendication 1, laquelle 
contient encore des substances choisies parmi le 
5 phosphate dicetylique, le cholesterol, I'ergosterol, 

le phytosterol, le sitosterol, le lanosterol, le tocophe- 
rol, le gallate de propyle, le palmitate d'ascorbyle et 
Phydroxytoluene tert.butyle. 

10 6. Suspension suivant une quelconque des revendi- 
cations precedentes, laquelle contient encore, dis- 
sous, des composants et stabilisants choisis pari 
les poly- et oligosaccharides lineaires et reticules, 
les sucres, les polymeres hydrophiles, et les com- 

15 poses iodes dont le poids, par rapport aux surfac- 
tants, est d'environ 1:5 a 100:1 . 

7. Suspension suivant une quelconque des revendi- 
cations precedentes, laquelle comprend encore 
20 jusqu'a 50% en poids de surfactants non-laminaires 
choisis parmi les acides gras, les esters d'acides 
gras et d'alcools et de polyols, et les ethers d'alcools 
et de polyols. 

25 8. Suspension suivant la revendication 8, dans laquel- 
le les polyols sont representes par les glycols poly- 
alcoylenes, les sucres polyalcoylenes et autres car- 
bohydrates, et le glycerol polyalcoylene. 

30 9. Suspension suivant la revendication 1 , dans laquel- 
le la concentration des bulles est de 10 7 - 10 8 /ml, 
10 8 -10 9 /ml, ou 10 10 -10 11 /ml. 

10. Procede pour fabriquer des suspensions suivant 
35 les revendications 1 a 9, caracterise par les etapes 

suivantes : 

(a) on choisit au moins phospholipide filmoge- 
ne et on le convertit en sa forme lamellaire ; 
40 (b) on met le phospholipide lamellaire en con- 

tact avec de I'airou un gaz piegeable ou adsor- 
bablesuffisamment longtemps pour que cet air 
ou gaz soit fixe par ledit phospholipide ; et 
(c) on melange le phospholipide lamellaire 
45 avec un liquide porteur aqueux ce qui fournit 

une dispersion stable de microbulles d'air ou de 
gaz dans ledit liquide porteur. 

1 1 . Procede suivant (a revendication 1 0, dans lequel on 
so effectue I'etape (c) avant I'etape (b), cette derniere 

6tant effectuee par introduction sous pression d'air 
ou de gaz dans ie liquide porteur et ensuite en re- 
lachant cette pression. 

55 1 2. Procede suivant la revendication 1 0, dans lequel on 
effectue I'etape (c) en agitant doucement les com- 
posants sans qu'il soit necessaire de secouer, I'air 
ou le gaz lies au surfactant lamellaire a I'etape (b) 
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engendrant la formation d'une suspension de mi- 
crobulles stable. 

13. Procede suivant les revendication 10 ou 11, dans 
lequel le liquide porteur contient, dissous, des com- 
poses stabilisants choisis parmi les proteines hy- 
drosolubles, les polypeptides, les sucres, les poly- 
et oligosaccharides, et les polymeres hydrophiles. 

14. Proc6de suivant la revendicationIO, dans lequel la 
conversion de I'etape (a) est effectuee en deposant 
une couche de phosphollpide sur des particules de 
matieres solubles ou insolubles ; I'etape (b) est ef- 
fectuee en laissant les particules revetues quelques 
instants a Pair ou en presence d'un gaz ; et I'etape 
(c) est effectuee en melangeant les particules reve- 
tues avec un liquide porteur aqueux. 

15. Procede suivant la revendication 10, dans lequel la 
conversion de I'etape (a) est effectuee par sonica- 
tion ou homogeneisation sous forte pression une 
solutio aqueuse de lipides filmogenes, cette opera- 
tion conduisant, au moins partiellement, a la forma- 
tion de liposomes. 

16. Procede suivant la revendication 15, dans lequel 
I'etape (b) est effectuee en lyophilisant une solution 
contenant des liposomes, celle-ci contenant facul- 
tativement des stabilisants hydrophiles, et en met- 
tant pour un moment le produit lyophilise en presen- 
ce d'air ou d'un gaz. 

17. Utilisation d'une formulation/pulverulente seche 
permettant, par dissolution dans I'eau, d'engendrer 
la formation d'une suspension de microbulles, ca- 
racterlsee en ce qu'elle contient au moins un phos- 
pholipide filmogene sous forme lamellaire ou lami- 
naire et des stabilisants hydrosolubles, pour la pre- 
paration d'agents de contraste pour echographie 
aux ultrasons. 

18. Utilisation suivant la revendication 1 7, dans laquelle 
le phospholipide est choisi parmi I'acide phosphati- 
dique, la phosphatidylcholine, la phosphatidyletha- 
nolamine, la phosphatidylserine, le phosphatidyl- 
glycerol, le phosphatidylinositol, la cardiolipine et la 
sphingomyeline. 

19. Utilisation suivant les revendications 17 ou 18, la- 
quelle contient en outre des substances choisies 
parmi le phosphate dicetylique, le cholesterol, I'er- 
gosterol, le phytosterol, le sitosterol, le lanosterol, 
le tocopherol, le gallate de propyle, le palmitate 
d'ascorbyle et I'hydroxytoluene tert.butyle. 

20. Utilisation suivant la revendication 1 7, dans laquelle 
le phospholipide laminaire est sous forme de cou- 
ches fines deposees a la surface de matieres par- 



ticulates solides, solubles ou insolubles. 

21 . Utilisation suivant la revendication 20, dans laquelle 
les particules solubles sont constitutes de carbo- 

5 hydrates hydrosolubles, de polysaccharides, de po- 

lymeres synthetiques, d'albumine, de gelatine, ou 
d'iopamidol. 

22. Utilisation suivant une quelconque des revendica- 
io tions 1 7 a 21 , ou la formulation comprend en outre 

jusqu'a50% en poids de surfactants non-laminaires 
choisis parmi les acides gras, les esters d'acides 
gras et d'alcools et de polyols, et les 6thers d'alcools 
et de polyols. 

15 

23. Utilisation suivant la revendication 18, ou la formu- 
lation comprend en outre des liposomes lyophilises. 



20 Revendications pour les Etats contractants 
suivants : ES, GR 

1 . Procede pourfabriquer des suspensions stables de 
microbulles d'air ou de gaz dans une phase porteu- 

25 se aqueuse, ou les microbulles d'air ou de gaz ne 
sont pas encapsulees au sein de vesicules liposo- 
miques, comprenant d'environ 0,01 a environ 20% 
en poids de surfactants dissous ou disperses, et 
dans laquelle au moins un des surfactants est un 

30 phospholipide filmogene present dans la suspen- 
sion au moins partiellement sous forme lamellaire 
ou laminaire, ladite suspension ne contenant pas 
de sel de fer (III), caracterise par les etapes 
suivantes : 

35 

(a) on choisit au moins phospholipide filmoge- 
ne et on le convertit en sa forme lamellaire ; 

(b) on met le phospholipide lamellaire en con- 
tact avec de I'airou un gaz piegeable ou adsor- 

^o bable suffisamment longtemps pour que cet air 

ou gaz soit fixe par ledit phospholipide ; et 

(c) on melange le phospholipide lamellaire 
avec un liquide porteur aqueux ce qui fournit 
une dispersion stable de microbulles d'air ou de 

45 gaz dans ledit liquide porteur. 

2. Procede suivant la revendication 1 , dans lequel on 
effectue I'etape (c) avant I'etape (b), cette derniere 
6tant effectuee par introduction sous pression d'air 

50 ou de gaz dans le liquide porteur et ensuite en re- 
lachant cette pression. 

3. Proced6 suivant la revendication 1 , dans lequel on 
effectue I'ttape (c) en agitant doucement les com- 

55 posants sans qu'il soit necessaire de secouer, I'air 
ou le gaz lies au surfactant lamellaire a I'etape (b) 
engendrant la formation d'une suspension de mi- 
crobulles stable. 
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4. Procede suivant les revendications 1 ou 2, dans le- 
quel le liquide porteur contient, dissous, des com- 
poses stabilisants choisis parmi les proteines hy- 
drosolubles, les polypeptides, les sucres, les poly- 
et oligosaccharides, et les polymeres hydrophiles. 

5. Procede suivant la revendication 1 , dans lequel la 
conversion de I'etape (a) est effectuee en deposant 
une couche de phospholipide sur des particules de 
matieres solubles ou insolubles ; I'etape (b) est ef- 
fectuee en lalssant les particules revetues quelques 
instants a I'air ou en presence d'un gaz ; et I'etepe 
(c) est effectuee en melangeant les particules reve- 
tues avec un liquide porteur aqueux. 

6. Procede suivant la revendication 1 , dans iequel la 
conversion de I'etape (a) est effectuee par sonica- 
tion ou homogeneisation sous forte pression une 
solution aqueuse de lipides filmogenes, cette ope- 
ration conduisant, au moins partiellement, a la for- 
mation de liposomes. 

7. Procede suivant ia revendication 6, dans lequel 
I'etape (b) est effectuee en lyophilisant une solution 
contenant des liposomes, celle-ci contenant facul- 
tativement des stabilisants hydrophiles, et en met- 
tant pour un moment le produit lyophilise en presen- 
ce d'air ou d'un gaz. 

8. Procede suivant les revendications 6 et 7 dans le- 
quel la solution aqueuse des lipides filmogenes 
contient encore des viscosants et stabilisants choi- 
sis parmi les polymeres hydrophiles et les carbohy- 
drates dont le poids, par rapport aux surfactants, 
est d'environ 1 :5 a 1 00; 1 . 

9. Procede pour preparer des suspensions stables de 
microbulles d'air ou de gaz dans une phase porteu- 
se aqueuse comprenant d'environ 0,01 a environ 
20% en poids de surfactants dissous ou disperses, 
suivant laquelle on dissout dans I'eau une formula- 
tion pulverulente seche qui, par dissolution, fournit 
une suspension stable de microbulles, caracterise 
en ce que ladite formulation pulverulente seche 
contient un ou plusieurs phospholipides filmogenes 
au moins un des surfactants est un phospholipide 
filmogene present sous forme lamellaire et des sta- 
bilisants hydrosolubles. 

10. Procede suivant la revendication 9, dans lequel les 
phospholipides sous forme lamellaire sont dispo- 
ses en couches fines a la surface d'une matiere par- 
ticulate soluble ou insoluble. 

11. Procede suivant la revendication 10, dans lequel la 
matiere insoluble est constitute de billes de poly- 
meres ou de verre. 



12. Procede suivant la revendication 10, dans lequel 
les particules solubles sont constitutes de carbo- 
hydrates solubles, de polysaccharides, de polyme- 
res synthttiques, d'albumine, de gelatine ou d'iopa- 

5 midol. 

13. Proctde suivant la revendication 9, dans lequel la 
formulation seche comprend des liposomes lyophi- 
lises. 

10 
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